A novel commercially available ELISA for direct measurement of melatonin concentration in serum was evaluated and compared with an RIA routinely used in our laboratory. The direct ELISA is technically simpler, requires a smaller sample volume (0.1 mL), and compares well with RIA in terms of stability of the calibration curve and intraand interassay CVs. Correlation with RIA measurements is, however, suboptimal (y = 0.39x + 56; r = 0.65, P <0.001; n = 138), which may be due to a serum effect, as evidenced by dilution studies. Furthermore, the detection range of the ELISA does not cover the physiological daytime melatonin concentrations in humans. Adding an extraction and 10-fold concentration step shifted the detection range of the ELISA to include low physiological concentrations as well. Correlation with RIA measurements also improved significantly (y = 0.97x-23; r = 0.95, P <0.001; n = 105), probably due to removal of the serum effect. Although extraction increases the required sample volume (1.5 mL), work load, and procedure time, this step is necessary for the ELISA to compete successfully with AlA.
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Indexing Terms: pineal gland/biorhythm regulation/intermethod comparison Melatomn, the major hormone of the pineal gland, is involved in the regulation of circadian and annual biorhythms in seasonal breeders through adjustment of the endogenous biological clock to the diurnal and seasonal photoperiodic cycles (1). In such species it also regulates the onset of sexual maturation and seasonal reproductive activity (2, 3) . The potential role of melatonin in humans is still unclear and currently under intense investigation.
Depression, seasonal affective disorder, schizophrenia, sleep and sleep disturbances, aging, human sexual maturation, and regulation of the immune system have all been related to melatonin (3) (4) (5) . However, the lack of a simple, sensitive, and reliable method for measuring melatonin has been an obstacle to the elucidation of its physiological and pathological role (6-8). After initial attempts with bioassay, gas chromatography-mass spectrometry for quantifying melatomn in body fluids was tried, followed by HPLC (9-11).
The major limitations to these techniques were expense, (12) (13) (14) (15) (16) .
RIA is currently the method of choice for most laboratories concerned with pineal function (6) (7) (8) Melatonin was extracted into 8 mL of chloroform from 1.5 mL of serum mixed with 1 mL of NaOH (1 mol/L) in a disposable glass tube. The aqueous phase was removed after vortex-mixing for 10 s and centrifuging at l000g for 20 mm. The tubes were left overnight at room temperature for serum residues to dry out and adhere to the tube wall. The organic phase was then transferred to a disposable 13 X 100 mm glass tube and the chloroform was evaporated in a heated evacuated centrifuge at 40#{176}C. The dry residue was dissolved in 150 L of an aqueous solution containing NaC1 (0.154 mol/L) and RIA-grade bovine serum albumin (3.5 g/L). Lipids were removed by adding 1 mL of petroleum benzine to each tube, vortex-mixing, and centrifuging as described above. Petroleum benzine residues were allowed to evaporate by standing at room temperature for >2 h. . NaOH (0.5 mL of 1 mol/L solution) was added to 1 mL of serum, and the melatonm was extracted into 5 mL of chloroform, the extract being separated and dried as described above for the ELISA. We then dissolved the residue in 0.55 mL of a buffer containing (per liter) NaC1 (0.14 mol), Tris (0.01 mol), sodium azide (15.4 mmol), and gelatin (5 g Fig. 2 shows the within-assay precision profiles, defined as a plot of the CV against the concentration Note the difference in range and slope between the curves but the similarity of the SD values at each concentration.
(24) for direct ELISA in comparison with RIA, the latter having been elaborated earlier in our laboratory (25) . Replicates (7-42) were taken for any data point. We athltrailly defined a CVof 15% as the cutoff limit for the useful measurement range. (20) . Dilution with assay buffer resulted in a curve that was superimposable on the calibration curve,thus indicating lack of cross-reactivity.
However, dilution with serum resulted in a curve that ran basically parallel to the calibration curve but below it, with a tendency to growing deviation at lower concentrations (Fig. 3A) . Daytime serum samples (1 mL) from six different volunteers were supplemented with melatonin to either 1076 or 4305 pmol/L (250 or 1000 ng/L) and subsequently diluted serially with each respective serum for further investigation of this topic. Again, all serum dilution curves deviated from the calibration curve in the lower concentration range (Fig. 3B) The direct ELISA requires three incubation steps, for 17 h altogether. The total hands-on time for the procedure is --3 h for 40 samples, with all three steps being completed by the next working day. The required amount of specimen is 0.1 mL for measurements in duplicate.
With the extraction step included, the ELISA requires -30 h of incubation and 7 h of labor, increasing the total time needed for delivering results to 2 working days and the required amount of serum to 1.5 mL for duplicates.
RIA always involves extraction of melatonin from 1.5 mL of serum for the assay in duplicate.
In total, RIA requires 36 h for incubation and -9 h of labor for the same number of samples. The procedure takes 2 full working days and requires a laboratory equipped for handling radioactive material.
Discussion
The calibration curves of both assays show high stability, as indicated by a similarly low SD value for ELISA and RIA measurements (Fig. 1) . However, the calibration curves differ greatly in their slope and detection range. The calibration curve of the ELISA is Precision of the ELISA after the extraction and 10-fold concentration of samples was determined by its within-assay CV. Data were generated as outlined above for the direct assay. Fig. 2 shows the within-assay precision proffle for the ELISA after extraction.
The cutoff limits indicate a useful working range from 43 to 800 pmol/L (10-186 ngfL).
Melatonin concentration in serum samples.
In a set of 105 serum samples from 18 different individuals, melatonin was extracted and concentrated 10-fold before being measured by ELISA. The same sera were also measured by RIA. rather flat, with a slope of 1.4, and extends from 138 to >8610 pmol/L (EDso to ED20). RIA displays a much steeper slope of 2.0 with a detection range from -35 to 1200 pmol/L (Fig. 1) .
Judged from the within-assay CV, the useful detection range for RIA extends from 52 to 710 pmol/L. The direct ELISA is a little more precise than the RIA and permits useful measurements over a wider concentration range, i.e., from 170 to >6500 pmol/L (Fig. 2) . However, this wider detection range of the direct ELISA cannot be used in practice: At its upper half, the range applies to concentrations beyond the range of physiological serum melatonin concentrations in humans; at its lower end, the curve does not cover the low daytime concentrations expected. The excellent parallelism of the calibration curve with the curve of supplemented pooled serum diluted by buffer indicates a lack of cross-reactivity (Fig. 3A) .
However, the deviation of the curves for supplemented serum diluted with nearly melatonin-free serum from the calibration curve (Fig. 3) suggests a serum effect. This assumption is consistent with the poor correlation between measurements with the RIA and the direct ELISA (Fig. 4) and the apparent interindividual differences in correlation between measurements with direct ELISA and RIA (Fig. 5) .
Extraction and concentration of melatonin before measurement by ELISA improves some of the features of this assay considerably.
The useful working range shifts by one order of magnitude towards lower concentrations without a major loss of precision. This makes measurements possible over the entire physiological range in humans, similar to RIA. The excellent correlation between melatonin measurements with ELISA after extraction and RIA in unselected individuals ( 
